We proceed from the premise that the spectrum of elementary excitations in the normal component in Landau's theory of superfluidity should depend on the superfluid helium temperature. This leads to generalization of the Landau superfluidity criterion. On this basis, taking into account available experimental data on inelastic neutron scattering, it is shown that, in addition to phonon-roton excitations, there is one more type of elementary excitations in superfluid helium, which we called helons. The energy spectrum with such a momentum dependence was first proposed by Landau. The helon energy spectrum shape and its temperature dependence make it possible to explain the singular behavior of the heat capacity of superfluid helium near its phase transition to the normal state. 
superfluidity breakdown occurs. Thus, the superfluidity phenomenon cannot to be observed at velocities V > V cr . This statement [1] known as the Landau superfluidity criterion is in qualitative agreement with experimental data on superfluid helium motion in capillaries (see [3] for more details). To quantitatively describe the superfluid helium motion in capillaries, the superfluid component inhomogeneity caused by boundary effects (see, e.g., [4] ) should be taken into account. In this paper, we consider the infinite medium model corresponding to the thermodynamic limit.
Thus, the Landau superfluidity criterion is in fact the superfluidity breakdown criterion, since it initially assumes the existence of superfluidity. Otherwise, considering that there are well defined acoustic elementary excitations (phonons) in any liquid, we would obtain a nonzero critical velocity equal to the speed of sound in a corresponding liquid. To clarify the problem it should be taken into account that the elementary excitation spectrum ε in the normal component is a function of not only the momentum p, but also thermodynamic parameters of the system under consideration, e.g., temperature T , i.e.,
Hence, the critical velocity V cr determined from relation (1) is also a function of thermodynamic parameters, V cr = V cr (T ). Let us further take into account that the superfluidity phenomenon is absent at the temperature T > T λ , where T λ is the superfluid transition temperature, i.e., liquid is normal. Therefore, it should be accepted that
Thus, we can formulate the generalized Landau superfluidity criterion exactly as the superfluidity criterion, rather than the superfluidity breakdown criterion, in the following form:
if the spectrum of elementary excitations in liquid satisfies the conditions
then the corresponding liquid at temperatures T < T λ is superfluid; the superfluidity breakdown occurs at velocities V > V cr .
As noted above, there are well defined acoustic elementary excitations in any liquid, both normal and superfluid one; therefore, the phonon spectrum of elementary excitations ε(p) = cp where c is the speed of sound, does not satisfy the generalized Landau superfluidity criterion (4) . This means that one more branch of elementary excitations should exist in addition to phonons, which differs essentially from the phonon spectrum. Thus, we should introduce one more correction to the formulation of the generalized Landau superfluidity criterion, associated with the fact that several "branches" of elementary excitations can exist in liquid. Therefore, among all possible values of the critical velocity V α cr (T ) determined by each spectrum (spectrum index α), our interest is in only that providing a minimum value among V α cr (T ). Hence, the quantity V cr (T ), appearing in relation (4), is determined from the condition
We note that, according to (4) and (5) 1) in superfluid helium, which was proposed by Landau in [2] . The shape of the phononroton spectrum of elementary excitations was confirmed in experiments on inelastic neutron scattering in superfluid helium (see, e.g., [5, 6] .
Furthermore, numerous experiments on inelastic neutron scattering (see, e.g., [7] - [9] )
show that the phonon-roton spectrum of elementary excitations very weakly depends on temperature to T λ = 2.17 K for all values of momenta, including phonon and roton spectral regions. Moreover, phonon-roton excitations also exist at temperatures T > T λ , where liquid helium is in the normal state [10] . Thereby, according to the above discussion, there is reason to believe that the phonon-roton spectrum of elementary excitations is not nearly related to the explanation of the superfluidity phenomenon in liquid helium. This point of view is confirmed by the experimental results on inelastic neutron scattering in liquid metals ( Fig. 1) , where the phonon-roton spectrum of elementary excitations was detected (see, e.g., [11] - [14] , which was noticed in [15] . Similar excitations were also experimentally detected in the two-dimensional Fermi liquid [16] . full circles -the experimental data of Copley and Rowe [11] , vertical bars -the experimental data of Glaeser et al. [12] , solid curve -the numerical calculation of the dispersion equation [13] .
Let us now pay attention that Landau in his first paper [1] proposed to consider, in addition to phonons, elementary excitations which he initially called "rotons" with the spectrum
Let us refer this type of excitations to as "Landau rotons" in contrast to later introduced rotons [2] being a fraction of the single phonon-roton branch of excitations. In (6) 
Assuming that ∆ r in (6) depends on temperature and satisfies the condition
the spectrum of such excitations satisfies the generalized Landau superfluidity criterion (4).
Let us pay attention that, while satisfying condition (8) , elementary excitations with energy spectrum (6) exist only in superfluid helium, in contrast to the phonon-roton spectrum characteristic of liquid. To distinguish elementary excitations with the spectrum (6)- (8) from "rotons" (used in the literature) in the phonon-roton spectrum and vortical "Landau rotons" currently dropped from consideration, and taking into account that the vortical nature of these excitations in the infinite medium is not obvious, in what follows, we refer these elementary excitations to as "helons" (index h).
The existence of helons with the spectrum (6)- (8) is in fact confirmed by experiments on inelastic neutron scattering [17, 18] (see Fig. 2 ), in which, in addition to the maxima in the dynamic structure factor of superfluid helium, corresponding to the phonon-roton spectrum of elementary excitations, the maxima were detected, whose positions appeared close to the spectrum of the free helium atom ε a (p) = p 2 /2m (here m is the helium atom mass) for the region of the momentum transferred values q > 0.5Å −1 . The corresponding experimental data were called the spectrum of "single-atom scattering". It is clear that the spectrum of the free helium atom ε (a) (p) (as well as other spectra with the same p-dependence at small p)
does not satisfy the generalized Landau superfluidity criterion (4), (5). Therefore, the new experiments are required for the smaller values of q = p/h and for different temperatures, which can prove the existence of helons and give estimation of the value ∆ (h) (T ). line is the experimental phonon-roton spectrum [17] , the circles are the positions of "quasi-free" maxima from [17] , the dotted line shows the assumed curve for the helon excitations in HeII.
In attempts to theoretically explain the experimentally observed maxima in the dynamic structure factor of superfluid helium, corresponding to the "single-atom scattering" spectrum, the possible existence of helons was not taken into consideration (see, e.g., [20] - [22] and references therein). We also note that theoretical models were repeatedly proposed in microscopic descriptions of superfluid helium, in which the spectrum of elementary exci-tations, similar to the spectrum of helons arises (see, e.g., [23] - [26] and references therein);
however, the existence of the corresponding maximum in the dynamic structure factor has not yet been confirmed in these models.
To provide condition (8), there is an appropriate quantity in the Landau theory, i.e., the superfluid component density n s for which the condition
is satisfied. Then we can assume that
In this case, for dimensionality reasons, to determine the quantity ∆ (h) (T ), several quantities with energy dimension can be constructed, based on the superfluid component density
where L is the so-called scattering length which is completely defined by the interparticle interaction potential of helium atoms.
Thus, there is good reason to believe that, in addition to phonon-roton elementary excitations, there are helons with spectrum (6)- (8) in the normal component of superfluid helium in the absence of boundary effects. Let us consider consequences from this statement. According to the Landau superfluidity theory [1, 2] , the free energy per unit volume of superfluid helium at temperature T can be written as
Here E 0 is the ground state energy per unit volume of superfluid helium, which depends only on its density n equal to the sum of the densities of superfluid and normal components, n = n N + n s . The quantity F (a) is the free energy per unit volume of superfluid helium, corresponding to elementary excitations of type a with energy spectra ε (a) (p; T ) and corresponding to helons (6)- (8) and phonon-roton excitations.
It immediately follows from (10) that the average (internal) energy per unit volume of superfluid helium is given by
In turn, from (11) , it is easy to verify that the heat capacity c V = (∂E/∂T ) V of superfluid helium, by virtue of condition (8), has a peculiarity at the temperature T = T λ for the helon energy spectrum, caused by the temperature dependence of ∆ (h) (T ):
which is widely known in the literature as the λ-curve of the heat capacity.
The simple calculation for the singular part of the heat capacity below T λ leads to the temperature dependence
where
Here we assumed the form of temperature depen-
with γ > 0 and used the expansion of the expression under the integral for c V for small values of p, suggested in [27] . The value ∆ (h) (T = 0) is the functional of the interaction potential between the particles and tends to zero when interaction disappears. In this case singularity is absent and the heat capacity is continuous with the well known fracture at T = T λ . Probably, in the transition point there is an infinite jump of the heat capacity. These assumption based on disappearance of helons at T = T λ , as well as on the character of the experimental data in vicinity of the transition point (see e.g. [3] , [28] , [29] ). Explanation of the behavior of the heat capacity above T λ requires microscopical consideration of the correlation effects in quantum liquid.
Let us pay attention that the phonon-roton spectrum of excitations does not exhibit a similar anomaly of the specific heat c V even taking into account its temperature dependence due to the linearity of the phonon-roton spectrum at small momenta, ε ph−rot (p → 0) → cp.
Thus, according to the above consideration, in addition to elementary excitations with the phonon-roton energy spectrum in superfluid helium, there are helons (6)-(8) which satisfy the generalized Landau superfluidity criterion. The consideration of the temperature dependence of the helon energy spectrum allows explanation of the anomalous behavior of the specific heat of superfluid helium in the vicinity of the phase transition to the normal state.
